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Speech / Non Speech segmentation
MixS model vs. NS

Speech segmentation
S model vs. T vs. SM

MixS NS

S T SM

Gender Detection

GS-Ma

GS-Fe GDS-Ma

GDS-Fe

Gender Detection

GT-Fe GT-Ma

Gender Detection

GSM-Ma

GSM-Fe GDS-Ma

GDS-Fe

Female wide = GS-Fe ∪ GDS-Fe ∪ GSM-Fe
Male wide = GS-Ma ∪ GDS-Ma ∪ GSM-Ma

Female narrow = GT-Fe
Male narrow = GT-Ma
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Acoustic pre-segmentation

Male Wide Female Wide Male Nar. Female Nar.

Speaker seg. Speaker seg. Speaker seg. Speaker seg.

Merging
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new speaker model: 

selecting, new Markov Model

Adapting speaker models:
MAP adaptation,

likelihood, Viterbi

Assessing the stop criterions

Are the last 2 seg. equal ?

Yes

No

The end
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L1
L2
L3

t

CLIPS or merged
segmentation

L1 L2

L3

A Markov Model is built 
according to the segmentation

3 states (L1, L2, L3)
= 3 speakers

Process: step 1, Markov Model

Process: step 2, Models Adaptation

L1
L2
L3

L1
L2
L3

Segmentations are equal, 
adaptation is stopped

tt
Adaptation
+ Viterbi

Adaptation
+ Viterbi

L1
L2
L3

t

L1
L2
L3

t

The last segmentation is kept
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CLIPS segmentation

LIA Re-segmentation
t
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❘ Ð¡Ñ"Ò$Ó�Ô�Õ�Ö�× Ø|Ó ÖÚÙ�Û¡Ó�Ô�Õ�Ü$×.Ø0Ý7ÞßÙ�Û7Ó�Ô�Õ"à ×.ØfÓ Ö�Ù�Û7Ó�Ô�Õ0Þ7×$ØÚáLÖÚÙ?ârãfä å0æ çßä7å�è�åÚé
❘ ê�ë0ì$í�î�ï�ð�ñ ò|ó)ô õwö7÷�ø�ù|úßû ü�ý þ.õwö7÷�ø�ù"ÿ.û$ü|÷���õ�ö7÷�ø�ù0þ¡û.ü����fõ����
	���
����������
�

New segmentation

t

t

t



9

ELISA-CLIPS-LIA NIST RT 2003

���������! "�

CLIPS (Primary) 19.25%

LIA MAP-LIA (Primary) 16.90%
LIA MAP-linear 24.71%

ELISA Merge (Primary) 14.24%
ELISA Pipe 12.88%

❚ #%$'&)(+*-,.,0/213*-4�/"5�6.*-798�:;8�5�&-<)8=�>'?A@CBADFE 6.<)G34H*�I;&KJ
G3&K4ML�*-4H<)/N7'(+&)*�LO8�5�/24M5�607;P
8�:;8�5�&N<)8

❚ Q%R'S)T)SNUHV3SKWYX�Z;X�[�SNT\V3] ^;SNX
[�R'S)_3`-X"X"].a3]0b.] [cZd[!`fe;X"S
T)e'b [!]0_3b0SgX"SKV3T)SNhA[!i+[!]0`-h
X�Z;X�[�SNT)X

❚ j%k'lKmHl)n.opo�q�n0r.r-sgr.t�quq�tfv'sNn0w9t�xyq!k;lgsNz+t-{'o�q�n.z�|3mHlK}
o"lKv3~)lNw�q�s"q�n0tKw�s2w'��q!k'lflKo�q�n.~)s"q�n0tKw�t�x�q�k'l)w'{'~)�3lKmFt�x
o"|3lKs2�AlKmHo

ELISA-CLIPS-LIA NIST RT 2003

�����2���������������������������N�����"�

❚ ���"�"�����y���������!� ��¡H¢¤£�¥ �����¤�"¦�§�¨©¦�ª¬«®­ ¯�°��2±�±�ª¬¦�²�³�¡H¢+¨'­ §´�A±�¢�²+µ¶¢·ª
�¸¢�¹º°;¢+§H«»²�«®­ ¦�§´¼�¯¸ª©­ §C¹u��¡�¢¾½��¿�¸�À�������;�A±�¢�²+µ®¢"ªAÁ�¢!³�¦�¹�§�­ «®­ ¦�§%£CÂC²+Ã ¯H²!«®­ ¦º§�Ä �+Å�ÆÇ ¦�ª¬²+ª¿¯��!��Æ Ç ¢+­ ¹�§�­ ¢+ª©�·¥�Æ+È�¢+¨¿²�³�­ ¢+ª©�!É�Æ.Ê¿Ë�Æ�È�¦�§�²+¨©«®ªÌ¢+�!��Æ Ç ²�¹�ª©­ §�ÊÌ�N¡�²!¹�§H¦�Ã Ã ¢�²"¯

❚ Í"Î�ÏHÐ»Ñ!Ò�Ð®Ó
Ô
❘ Õ®Ö®×cØ Ù
Ú Û Ü·Ý�Þ Ö®ÞÌß
àKØ ÜºÖ á�Û âãÞ
❘ äæå
ç è®é®ê ëcì í�î
ê ïcëcê î
ðãñNç ê écì ò
ë
ê è®óÌé�ècê ïcë ô�ëcì õãð
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öø÷Fùûúü÷FýFþ ÿûþ ��� ý������ þ�÷Fú�	
� ý�
û÷�� � ýûù�
�� ��� ÷�������� þ�ÿûùF÷����

Process initialization

Stage 1: adding speaker L1

L1L1
t

ELISA-CLIPS-LIA NIST RT 2003

������������� ���"!�#���$�%�$��&����'
!���(���)*!+����,�- #�.���$�$�/�$��&������0�1

Process : step 4, Stop criterion

L1
L2L1

L2

Best 2 speakers indexing Best one speaker indexing

A gain is observed, 
a new speaker 
will be added 

tt

Process : steps 1 & 2

L1

The best  subset  is used 
to learn  L2 model, a new 
HMM is built

Stage 2: adding speaker L2

L1
t

Process : step 3, Models Adaptation

Adaptation
+ Viterbi

L1
L2

L1
L2

t t

L1 L2
L1
L2

According to the subset 
selected, this indexing 
is obtained

t

L1
L2

No gain observed, 
the adaptation of the 
L2 model is stopped

t
Adaptation
+ Viterbi

Adaptation
+ Viterbi
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2�3�4�5�3�6�7 8�7"9�:�6�;�<�;�7&3�5�=
9�6�>�3�?*9+6�4�@�A :�B�3�;�;�C�;�7&8�4�3�D�E

L1
L2
L3

Process : step 4, Stop criterion

L1
L2

Best 2 speakers indexingBest 3 speakers indexing
tt

A gain is not observed, 
we return the best 
2 speakers indexing

t

L1
L2

Process : steps 1 & 2

Stage 3: adding speaker L3

The best  subset  is used 
to learn  L3 model, a new 
HMM is built

L1 L2
L1
L2
L3

t

L1 L2 According to the subset 
selected, this indexing 
is obtained

L3

L1
L2
L3

L1
L2
L3

Process : step 3, Models Adaptation

No gain observed, 
the adaptation of the 
L3 model is stoppedtt

Adaptation
+ Viterbi

Adaptation
+ Viterbi

ELISA-CLIPS-LIA NIST RT 2003

FHG�IKJ�LNM�LPO�Q�R�S�Q�TVU�W�R�X�Y�Q�Z�Q�[ Q�U�[]\+^�X

❚ BIC distance computed using 
two adjacent sliding windows

( ) ( ) ( )
( )12

21
21 /2,1

/2/1
,

Mwwp

MwpMwp
wwdBIC

⋅=

❚ Look for maximums of BIC 
distance

❚ Use  pre-segmentation

❚ Windows are modeled using 
mono-gaussian models with 
diagonal covariance matrix
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_H`�aKb�cNd�_fe�g�h�i&j�k]l+m�n

❚ Train a diagonal GMM 32 
background model on the entire 
file

❚ Three pass EM

❚ Adapt the background model 
on every segment

❚ BIC distance is computed and 
the two closest segments are 
merged

❚ Estimate N


